APPENDIX D EVALUATION TO ESTABLISH BEST-BASIS INVENTORY FOR SINGLE-SHELL TANK 241-SX-105
An effort is underway to provide waste inventory estimates that will serve as standard characterization source terms for the various waste management activities (Hodgson and LeClair 1996) . As part of this effort, an evaluation of available information for single-shell tank 241-SX-105 was performed, and a best-basis inventory was established. This work, detailed in the following sections, follows the methodology that was established by the standard inventory task.
D1.O CHEMICAL INFORMATION SOURCES
There is no Tank Characterization Report (TCR) for tank 241-SX-105. Available information for tank 241-SX-105 includes the following:
Analytical data from S and U Tank Farm tanks with similar Supernatant Mixing Model 242-S Evaporator salt cake (SMMS) (it is assumed from lack of other data that the Supernatant Mixing Model 242-T Evaporator salt cake generated from 1965 until 1976 concentrations are similar to SMMS) and REDOX high-level waste generated between 1952 and 1957 (Rl) sludge waste types.
The Hanford Defined Waste (HDW) model document (Agnew et al. 1996) provides tank content estimates.
D2.0 COMPARISON OF COMPONENT INVENTORY VALUES
The HDW model inventories, generated by the HDW model (Agnew et al. 1996) , are shown in Tables D2-1 and D2-2. No samples have been taken from tank 241-SX-105 that can be used to estimate tank inventories for comparison with the HDW model estimate. The tank volume used to generate this inventory is 2,585 kL (683 kgal) waste which partitions into 208 kL (55 kgal) sludge, and 2,377 kL (628 kgal) salt cake (Agnew et al. 1996) . This differs slightly from the 2,585 kL (683 kgal) waste reported by Hanlon (1996) which partitions into 276 kL (73 kgal) sludge and 2,309 kL (610 kgal) saltcake. The HDW model tank layer model density for the sludge is 1.61 g/mL and the supernatant mixing model density is 1.62 and the total density is 1.62 g/mL. (The chemical species are reported without charge designation per the best-basis inventory convention.)
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Analyte %r Agnew et al. (1996) Fluoride based on water soluble portion only. Agnew et al. (1996) , radionuclide decayed to January 1, 1994. 
D3.2 CONTRIBUTING WASTE. TYPES
The HDW model (Agnew et al. 1996) (Hill et al. 1995) lists R (high level REDOX process waste), and Evaporator Bottoms (EB) as the primary and secondary waste types, respectively. Evaporator bottoms waste in Hill et al. is comparable to the Supernatant Mixing Model (SMMS1) and Supernatant Mixing Model (SMMT2) salt wastes in Agnew et al. (1996) . Hill et al. also lists REDOX process ion exchange (RIX) waste as a tertiary contributor. Hanlon (1996) For this evaluation, the following assumptions and observations are made:
Tank volume listed in Hanlon (1996) is 2,585 kL (683 kgal). This agrees with the total volume used by Agnew et al. (1996) . The volumes of the sludge and salt cake layer differ between two references.
Only the SMM and REDOX (R) process streams contributed to solids formation.
The sludge and salt cake volumes from Hanlon (1996) are used. Table D3 -1 shows the engineering evaluation approaches used on tank 241-SX-105. None, no sample-based information is available for this tank.
D3.4 BASIS FOR CALCULATIONS USED IN THIS ENGINEERING EVALUATION
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D3.4.1 Basis for Salt Cake Calculations Used in this Engineering Evaluation.
For this evaluation the methodology developed for SMMS1 salt cake was used. This is based on comparing concentrations from S and U Tank Farm sample data shown in Table D3 -2. Tanks 241-S-101 (Kruger et al. 1996) , 241-S-102 (Eggers et al. 1996) , 241-U-106 (Brown et al. 1997) , and 241-U-109 (Baldwin and Stephens 1996) were used to produce the average salt cake analyte concentrations for SMMS1 salt cake. To calculate the average SMMS1 concentration the waste volume and predicted location from Agnew et al. (1996) for the SMMS1 layers in each tank was determined. The sample data was reviewed and using the segments that were located within the predicted location from Agnew et al. (1996) , an average concentration was calculated. The concentrations from each tank and the segments used in the calculation are shown in Table D3 -2. For comparison the SMM salt cake composition predicted by the HDW model for tank 241-SX-105 is also shown. Agnew et al. (1996) Radionuclides are reported as of the date of sample analysis. 
D3.4.2 Basis for Sludge Calculations used In This Engineering Evaluation
Data from tanks 241-S-102 (Eggers et al. 1996 ), 241-S-104 (DiCenso et al. 1994 , and 241-S-107 (Simpson et al. 1996) were used to produce average analyte concentrations for R1 sludge waste. To calculate the average concentration, the volumes and predicted location of the sludge were taken from Agnew et al. (1996) for the tanks R1 waste. The sample data were then reviewed, and only the segments that were located within the predicted sludge location from Agnew et al. were used in deriving an average concentration. The average concentration from each tank and the segments used in the calculation are shown below in Table D3 
D3.5 ESTIMATED COMPONJXNT INVENTORIES
The chemical inventory of tanks 241-SX-105 is estimated from the assumed salt cake and sludge volumes ( Since no post-1989 analytical data were available from this tank, the reliability of these estimates (in either this engineering assessment or the HDW model inventory estimates) are suspect. Although these uncertainties cannot be resolved at this point, some trends can be discussed.
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Manganese. Potassium permanganate was used in the REDOX process until 1959, thus manganese is expected to be found in tanks containing waste from that process. It is most likely present as highly insoluble manganese dioxide in the alkaline waste materials and would be expected to be in the sludge. The R1 Sludge composition estimate developed in this engineering assessment for manganese was 1,330 pg/g. Interestingly, the SMMSl salt cake composition estimate for manganese was 684 pg/g--much higher than would be expected based on solubility considerations. It should be noted that there are large ranges in both the SMMSl and R1 data sets for manganese. for manganese is 601 kg. Based on the discussion above, the 3,208 kg inventory estimate developed in this engineering assessment is likely to be closer to the true value.
Phosphate. There is a large difference between the engineering assessment tank inventory estimate (129,000 kg) and the HDW model estimate (23,100 kg). The engineering assessment value is biased high because of one extremely high phosphate value in the data set used to develop the SMMS1 salt cake composition estimate (see Table D -4) . If the phosphate data from tank 241-S-102 are eliminated from the SMMSl composition estimate, then the engineering assessment and the HDW estimate would be in reasonable agreement. However, since the HDW model failed to predict the high phosphate value for tank 241-S-102, it should not be taken as a reliable indicator for phosphate in tank 241-SX-105.
Calcium. The calcium found in tanks containing REDOX process waste is believed to have been an impurity in the commercial grade sodium hydroxide used in the neutralization of high-level waste in the process. The calcium value developed in this engineering assessment (1,190 kg) is about one third of the HDW model value (5,250 kg). Since many calcium salts of anions such as carbonate, oxalate, and phosphate are insoluble and the concentrations of these anions are essentially unknown, it is not surprising that calcium values differ between this engineering assessment and the HDW model.
Fluoride.
The fluoride ion inventory estimate is about 5.2 times higher in the engineering assessment (23,600) than in the HDW model (3,470). The fluoride concentration in tanks 2414-102 and 241-U-106 are much higher. Without analytical data from tank 241-SX-105 it is difficult to defend the choice of one value over the other.
Total Hydroxide. Once the best-basis inventories were determined, the hydroxide inventory was calculated by performing a charge balance with the valence of other analytes. In some cases, this approach requires that other analyte (e.g., sodium or nitrate) inventories be adjusted to achieve the charge balance. During such adjustments, the number of significant figures is retained. This charge balance approach is consistent with that used by Agnew et al. (1997) .
D4.0 DEFINE THE BEST-BASIS AND ESTABLISH COMPONENT INVENTORIES
Key waqte management activities include overseeing tank farm operations and identifying, monitoring, and resolving safety issues associated with these operations and with the tank wastes. Disposal activities involve designing equipment, processes, and facilities for retrieving wastes and processing them into a form that is suitable for long-term storage/disposal. Information about chemical, radiological, and/or physical properties is used to perform safety analyses, engineering evaluations, and risk assessment associated with these activities.
Chemical and radiological inventory information are generally derived using three approaches: (1) component inventories are estimated using the results of sample analyses, (2) component inventories are predicted using the HDW model, process knowledge, and historical information, or (3) a tank-specific process estimate is made based on process flowsheets, reactor fuel data, essential material usage, and other operating data.
As part of this effort, an evaluation of available chemical information for tank 241-SX-105 was performed, including the following:
The inventory estimate generated by the HDW model (Agnew et al. 1996) An engineering evaluation which produced a predicted SMMSl salt cake inventory and R1 sludge inventory based on methodology developed by evaluation of similar S and U Tanks.
Based on this evaluation, a best-basis inventory was developed for tank 241-SX-105 since sampling information is not available. The engineering evaluation inventory was chosen as the best basis for those analytes for which sample-based analytical values were available, from S and U Tank Farm tanks with similar wastes, for the following reasons:
The sample-based inventory analytical concentrations of the S and U Tank Farm tanks containing SMMS 1 compared favorably with each other for SMMS 1 salt cake.
No methodology is available to fully predict SMMS1 or SMMT2 salt cake from process flowsheet or historical records.
No methodology is available to fully predict R1 waste from process flowsheet or historical records for this tank. REDOX process first-cycle R1 waste changed composition during the process and accurate records of these changes are not available at this time. Also R1 waste was cascaded and transferred into and out of many S, SX, and U Tank Farm tanks between 1972 and 1978 which makes it hard to predict precipitation factors for analytes in the waste. Some tanks will D-13
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Revision 0 show higher concentrations for certain analytes because of the length of time the waste was in the tank before being transferred out.
For those few analytes where no values were available from the sample-based inventory of similar tanks, the HDW model values were used.
The best-basis inventory for tank 241-SX-105 is presented in Tables D4-1 and D4-2.
The inventory values reported in Tables D4-1 and D4-2 are subject to change. Refer to the Tank Characterization Database (TCD) for the most current inventory values.
Best-basis tank inventory values are derived for 46 key radionuclides (as defined in Section 3.1 of Kupfer et al. 1997) , all decayed to a common report date of January 1, 1994. Often, waste sample analyses have only reported 90Sr, 137Cs, u9'240Pu, and total uranium, (or total beta and total alpha) while other key radionuclides such as 6oCo, 'Tc, ' "1, lS4Eu, lS5Eu, and "'Am, etc., have been infrequently reported. For this reason it has been necessary to derive most of the 46 key radionuclides by computer models. These models estimate radionuclide activity in batches of reactor fuel, account for the split of radionuclides to various separations plant waste streams, and track their movement with tank waste transactions. (These computer models are described in Kupfer et al. 1997 , Section 6.1 and in Watrous and Wootan 1997.) Model generated values for radionuclides in any of 177 tanks are reported in the HDW Rev. 4 model results (Agnew et al. 1997) . The best-basis value for any one analyte may be either a model result or a sample or engineering assessment-based result if available. (No attempt has been made to ratio or normalize model results for all 46 radionuclides when values for measured radionuclides disagree with the model.) For a discussion of typical error between model derived values and sample derived values, see Kupfer et al. 1997 , Section 6.1.10.
Best-basis tables for chemicals and only four radionuclides (?Yr, I3'Cs, Pu, and U) were being generated in 1996, using values derived from an earlier version (Rev. 
